Abstract. Over the past three decades, numerous patients with breast cancer succumbed to cancer metastasis and recurrence, while, the exact mechanisms underlying this malignancy, and the potential biomarkers for prognosis prediction remain elusive. It was previously demonstrated that phosphorylated RAC-α serine/threonine-protein kinase (pAkt) and Beclin 1 was associated with cancer metastasis, and recurrence. Thus far, the expression patterns of pAkt and Beclin 1 in breast cancer tissues, and their associations with the prognosis of invasive ductal breast cancer remain inconclusive, which may be due to various factors, including ethnicity and pathological types. In the present study, a total of 90 Chinese female patients with invasive ductal breast cancer between June 1999 and August 2002 were enrolled at Shanghai First People's Hospital (Shanghai, China). The patients were followed up from 5 months to 13.5 years for survival analysis. The expressional levels of pAkt and Beclin 1 in invasive ductal breast cancer tissues, and the normal paracancerous tissues were measured by immunohistochemistry. Associations with prognosis following surgery were further evaluated using Cox regression analysis. In 90 invasive ductal breast cancer samples, pAkt was detected in 17 (18.9%) samples and Beclin 1 in 33 (36.7%) samples, but both were not detected in any of the paracancerous samples. Survival analysis revealed that pAkt expression carried a tendency to predict a shorter disease-free survival (DFS) in patients with invasive ductal breast cancer. Additionally, Beclin 1 expression was not significantly associated with survival. Furthermore, univariate Cox regression analysis demonstrated that pAkt expression was negatively associated with DFS and overall survival. Multivariate Cox regression analysis indicated that pAkt expression was an independent risk factor associated with poor prognosis in patients with invasive ductal breast cancer (all P<0.05). pAkt may be used as a potential prognostic biomarker in Chinese women with invasive ductal breast cancer.
Introduction
Breast cancer is a major public health concern, and remains the most prevalent cancer type and a major cause of cancer-associated mortality in women worldwide (1) . Invasive ductal carcinomas represent -75% of all breast cancer cases (2) . In the United States, the breast cancer incidence is 120.7/100,000 women with the breast cancer mortality rate being 24/100,000 women; the lifetime risk of breast cancer is 12.2% (3) . Although, the breast cancer incidence in China is significantly lower compared with that in the United States (4), previous models suggest that breast cancer may soon reach epidemic proportions (5) . Over the past three decades, numerous patients have succumbed to cancer metastasis and recurrence despite comprehensive advances achieved in the treatment of breast cancer. A number of risk factors have been identified to be associated with the initiation and progress of breast cancer (6) , including a shift to a western diet and increased stress (7) . However, the exact mechanisms underlying this malignancy and the potential biomarkers for prognosis prediction remain to be elucidated.
Phosphorylated RAC-α serine/threonine-protein kinase (pAkt), the activated form of Akt, also known as protein kinase B, is a major downstream effector of the phosphatidylinositide 3-kinase (PI3K) pathway. It serves an essential role in the development, progression and metastatic spread of breast cancer (8, 9) . Extensive preclinical evidence has indicated that PI3K/Akt pathway inhibition may sensitize breast cancer cells to doxorubicin (10, 11) . Furthermore, previous studies have indicated that the expression of pAkt is associated with the prognosis in breast cancer (8) (9) (10) (11) , although the results have been controversial (8, (12) (13) (14) (15) . The expression of pAkt was revealed to be negatively correlated with the prognosis of breast cancer (12) (13) (14) , which contrasted with the results demonstrated by another study (15) . The variance in results may be due to the different ethnicities and pathological types of patients included in each study.
Autophagy is the process of self-digestion in which lysosomal degradation is used to maintain cellular viability during periods of metabolic stress, including starvation; however, its role in the growth of cancer remains controversial (16, 17) . Beclin 1 is an essential component for inducing autophagy in a variety of cancer types (18) . It was demonstrated that the levels of Beclin 1 in breast cancer cells were significantly lower compared with those in normal breast epithelial cells (18) ; however, the expression pattern of Beclin 1 in breast cancer tissue and its association with the prognosis of patients has not been extensively studied.
In the present study, a total of 90 Chinese female patients with invasive ductal breast cancer were enrolled between June 1999 and August 2002 at Shanghai First People's Hospital (Shanghai, China). The expression patterns of pAkt and Beclin 1 in invasive ductal breast cancer tissues were measured. In addition, their associations with the prognosis of patients following surgery were evaluated using Cox regression analysis.
Materials and methods

Patients and tissue specimens.
A total of 90 Chinese female patients with invasive ductal breast cancer were enrolled in the present study between June 1999 and August 2002 at Shanghai First People's Hospital. At the time of surgery, the mean age of patients was 55.68±12.18 years (range, 27-82 years). A complete diagnostic evaluation consisting of chest X-rays, mammography, ultrasounds of the liver and a whole-body bone scan prior to surgery was performed for each patient to exclude the presence of distant metastasis. No patients had received radiotherapy or neoadjuvant therapy prior to surgery. The cancer tissue specimens and normal paracancerous tissues were collected in liquid nitrogen during surgery. All samples were confirmed by pathological examination. Pathological information was obtained for the following: Histological tumor type, primary tumor size, estrogen receptor (ER) status, progesterone receptor (PR) status, axillary lymph node status and clinical stage. The clinical stage was classified according to the American Joint Committee on Cancer tumor node metastasis staging system (19) . The present study was approved by the Ethical Committee and Institutional Review Board of Shanghai First People's Hospital. Written informed consent was obtained from all patients for the use of their samples in the present study.
Immunohistochemistry. Formalin-fixed paraffin-embedded tissue sections were deparaffinized in xylene, rehydrated through graded ethanol and then boiled at 99˚C for 10 min in citrate buffer (10 mM, pH 6.0) for antigen retrieval. Endogenous peroxidase activity was suppressed by incubation with 3% hydrogen peroxide for 10 min at room temperature (RT). Slides were then blocked with 5% bovine serum albumin at RT for 60 min (Wuhan Boster Biological Technology, Co., Ltd., Wuhan, China), incubated with diluted primary antibodies against pAkt (1:500; cat. no. ab38449) and Beclin 1 (1:500; cat. no. ab62557) (both from Abcam, Cambridge, MA, USA) for 1 h at 37˚C, and then incubated with the secondary antibody (horseradish peroxidase-conjugated anti-rabbit IgG; cat. no. ab205718; Abcam) for 20 min at 37˚C. Slides were visualized with diaminobenzidine and counterstained with hematoxylin at RT for 2-3 min for light microscopic examination at 200-fold magnification, (CX31; Olympus Corporation, Tokyo, Japan). The intensity of staining was scored from 1 to 3 (1, no staining or light brown staining; 2, weak to moderate brown staining; and 3, moderate to strong brown staining). The percentage of positive cells was calculated from 10 random fields. The intensity of staining and the percentage of positive staining were used to evaluate protein expression. Cases with ≥10% positive cells and scores ≥2 were considered positive. Follow-up. Patients were followed up until June 30, 2016. Patients were given a physical examination every 3 months for the first 2 years after surgery and were subsequently examined every 6 months. Disease-free survival (DFS) was calculated as the duration between the date of surgery and the date of first evidence of local recurrence, distant metastasis, or diagnosis of a second primary tumor or cancer-associated mortality. Overall survival (OS) was calculated as the time between the date of surgery and the date of mortality from any cause.
Statistical analysis. SPSS software (version 19.0; IBM Corp., Armonk, NY, USA) was used for all statistical analysis. The Chi-square test or Fisher's exact test was applied for univariate analysis to determine the association between the expression of pAkt and Beclin 1 with clinicopathological parameters. Survival curves were calculated using the Kaplan-Meier estimator method and comparisons were performed using the log-rank tests. The univariate Cox regression was used to identify potential factors associated with the prognosis, then factors with P<0.1 in the univariate analysis were included in the multivariate Cox regression analysis to determine the independent prognostic factors and explore their effects. All P-values presented are two-tailed. P<0.05 was considered to indicate a statistically significant difference. (Fig. 1) . The positive reaction for pAkt and Beclin 1 were primarily localized to the cytoplasm with slight positive staining on the membrane. The association between protein expression and clinicopathological parameters was analyzed. As presented in Tables II  and III , no significant associations were identified between the expression levels of pAkt and Beclin 1, and any clinicopathological parameters.
Results
Patient characteristics.
Risk factors associated with patient survival. All 90 patients were followed up from 5 months to 13.5 years (mean period, 107.8 months). A total of 10 mortalities (6 patients with lymph node metastasis and 4 patients without lymph node metastasis) and 4 recurrences (2 patients with lymph node metastasis and 2 patients without lymph node metastasis) were reported during this period. Survival analysis revealed that patients with pAkt expression exhibited significantly shorter DFS times compared with those negative for pAkt (97.12 vs. 150.64 years; P<0.001; Fig. 2A Other factors were not associated with survival (Table IV) . Then, multivariate Cox regression analysis was conducted, and the results indicated that pAkt expression was independently associated with DFS (HR, 0.208; 95% CI, 0.067-0.646; P=0.007) and OS times (HR, 0.246; 95% CI, 0.067-0.911; P=0.036). Additionally, clinical stage III was an independent risk factor associated with DFS (HR, 0.208; 95% CI, 0.067-0.646; P=0.007) and OS times (HR, 0.134; 95% CI, 0.037-0.482; P=0.002) ( Table V) . Table II . Association between pAkt expression and clinicopathologic parameters. ER, estrogen receptor; PR, progesterone receptor; HER2, human epidemal growth factor receptor 2; TNBC, triple-negative breast cancer; pAkt, phosphorylated RAC-α serine/threonine-protein kinase. Table III . Association between Beclin 1 expression and clinicopathologic parameters. 
Beclin 1 ---------------------------------------
Discussion
Multiple factors have been identified to be associated with breast cancer carcinogenesis, progression, metastasis and recurrence; however, the precise underlying molecular mechanisms remain poorly understood. Therefore, sensitive and specific prognostic indicators for breast cancer are required in clinical practice. Overexpression of the PI3K/Akt signaling pathway proteins has been identified in several cancer types (20) , including breast cancer. Thus, the present study also detected the activation of the PI3K/Akt pathway in breast cancer tissues, which was not present in normal paracancerous tissues. pAkt was detected in 17 (18.9%) patient samples by immunohistochemical analyses, which was lower compared with that reported in previous study demonstrating that the PI3K/Akt pathway is activated in half of these tumors (21, 22) . The difference in results obtained may have been due to the different pathological types or clinical stages studies. Additionally, no significant association between pAkt expression and any of the clinicopathological parameter examined was observed in the present study. Notably, the clinical value of pAkt has been noted in previous studies on certain cancer types, including ovarian cancer, while, others, including the present study did not (23) . The reason in differences may be due to the small cohort size in the current study.
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The prognostic value of pAkt in invasive ductal breast cancer was detected next using survival analysis. The results of the present study revealed that patients with pAkt expression exhibited significantly shorter DFS times compared with those negative for pAkt. Cox regression analysis indicated pAkt expression was an independent risk factor associated with shorter DFS and OS times, indicating pAkt expression was associated with a poor prognosis, and may be used as a potential prognostic biomarker in invasive ductal breast cancer. However, these results oppose those demonstrated by a previous study by Badve et al (15) , which demonstrated that nuclear localization of pAkt was associated with a more improved outcome in patients with breast cancer. Previously, different expression patterns of nuclear and cytoplasmic pAkt were observed, and it was speculated that pAkt has different actions depending on its subcellular localization (24) . Only nuclear localized pAkt has been demonstrated to predict a more improved prognosis (24) . In the present study, pAkt expression was detected primarily in the cytoplasm, which may explain why pAkt expression was able to predict a poor prognosis in patients with breast cancer. In addition, other reasons may be the due to the different genetic background and pathological types in the present study versus other studies. To the best of our knowledge, this is the first study to identify cytoplasmic pAkt expression as a potential biomarker to predict poor prognosis in Chinese women with invasive ductal breast cancer. Considering this, the detection of pAkt expression in breast cancer tissue may provide additional information on the prognosis, which may favor early detection of the development of recurrence and distant metastasis, and allow for successful salvage treatments for these patients in a timely manner.
Autophagy is a physiological process in eukaryotic cells, and is essential to maintaining the stability of the internal environment and adapting to external environment changes. It has been revealed that the expression changes of autophagy-associated proteins may contribute to the development or progression of cancer (25) . Beclin 1 is well-known as a reliable autophagy-related protein in various cancer types, and is involved in the signaling pathway that activates autophagy and in the initial step of autophagosome formation, leading to tumor development, metastasis and recurrence (26) . In the current study, Beclin 1 expression was detected in 33 (36.7%) breast cancer samples, but not detected in any normal samples, indicating the upregulation of autophagy in breast cancer. While other studies have demonstrated that Beclin 1 expression was frequently decreased in breast cancer compared with that in normal cells, decreased Beclin 1 was also observed in other cancer types, including hepatocellular carcinoma and lung cancer (26) (27) (28) .
An in vivo study has demonstrated that Beclin 1 knockdown provides an oncogenic stimulus, causing malignant transformation and spontaneous tumors (29) . However, other studies have reported that autophagy is upregulated in tumors, including gastrointestinal, pancreatic and gallbladder cancer (30) (31) (32) . In addition, the results in the present study revealed that Beclin 1 expression was not significantly associated with any clinicopathological parameter, including age, tumor size, clinical stage, lymph node metastasis, ER, PR and HER2 status in patients with breast cancer. Furthermore, no significant differences in DFS and OS rates were noted between the Beclin 1-positive and -negative groups. Cox regression analysis identified no significant association between Beclin 1 expression and clinical prognosis. Similar results have been observed in other cancer types, including cervical and lung cancer (33) . Conversely, other studies have revealed that Beclin 1 exhibits significant negative associations with clinical stage, lymph node metastasis and the prognosis of cervical cancer (34) , as well as pancreatic cancer (31), gastric carcinoma (35) , esophageal squamous cell carcinoma (36) , and hepatocellular carcinoma (37) .
These controversial findings may be explained by the biphasic function of autophagy during carcinogenesis. Autophagy is implicated in different functions in diverse tumors and different phases of tumor development. For instance, autophagy may suppress tumorigenesis in the early phase of tumor development; however, autophagy may be a key tumor cell survival mechanism in response to microenvironmental stress in the late phase of tumor development. Certain studies have revealed that autophagy enhances the survival of tumor cells, in vitro and in vivo, under the condition of metabolic stress (38, 39) , while, other studies indicated that autophagy inhibits tumor cells, and autophagy defects were associated with increasing carcinogenesis (40, 41) . Previous studies demonstrated that autophagy represents a key survival mechanism in which tumor cells respond to microenvironmental stress during cancer development and promote tumor cell survival (42) . Based on the results of the present study, we propose that autophagy is upregulated in invasive ductal breast cancer. Although, the small number of cancer tissue samples included in the present may limit the interpretation of these results. Therefore, large sample studies should be conducted to confirm the role of autophagy in invasive ductal breast cancer.
Additionally, the present study demonstrated that clinical stage III was an independent risk factor associated with shorter DFS and OS times, consistent with previous findings (43) . There were certain limitations in the present study. First, the immunohistochemistry method on tissue samples is a semi-quantitative method, thus not highly informative. However, the primary aim of this study was to identify whether pAkt and Beclin 1 expression in breast cancer tissue were potential prognostic biomarkers for breast cancer. Furthermore, the expression of these genes in tissue sample may be more objective and useful compared with the detection in tumor cells. Second, the number of cases, particularly the mortality cases in the study was limited. In the future studies, a larger patient cohort is required to further evaluate and validate these promising findings.
To conclude, the results of the present study indicated that pAkt expression was independently associated with a poor outcome in patients with invasive ductal breast cancer, suggesting the use of pAkt as a potential prognostic biomarker. The detection of pAkt expression in breast cancer tissue may provide useful information on the prognosis, which may favor early detection of the development of recurrence and distant metastasis, and allow for successful salvage treatments for these patients in a timely manner.
